Low oxygen induces wild type p53 inactivation and selects for mutant-like p53 18 phenotypes for aggressive tumor growth. Recently, we have shown wild type p53 as 19 a cellular oxygen-sensor that operates in switch-like fashion to transform its 20 characters of a tumor suppressor or promoter in a gradient of hypoxia. However, it is 21 unclear how hypoxic tumors select for wild type p53 phenotypes for oxygen-22 sensitive responses. Here, we show that oxygen-generated spatial distribution of the 23 cell population induces p53 phenotype-specific survival or death. We have found 24 that a dynamic state of spatial scatters or clustering patterns of cell populations 25 favor the survival of wild type more than the mutant phenotypes in a wide range of 26 oxygen fluctuation by affecting p53 subcellular localization. Our results demonstrate 27 how spatial distribution could function to establish wild type p53-mediated oxygen 28 sensing and cell fate decisions in a cell population with heterogeneous p53 allele 29 status. We anticipate that such behavior of cells in a gradient of oxygen can be 30 utilized by the hypoxic tumors to maintain distinct p53 alleles and determine the 31 release and metastasis of single or clustered circulating tumor cells (CTCs).
INTRODUCTION 34
The p53 status is quite heterogeneous in cancer (1). Tumors usually acquire a mutant 35 (MT) status of the p53 gene which introduces either loss-(LOF) or gain-of-function (GOF). 36 Eventually, the two effects overcome p53's tumor suppressive and introduce the tumor-37 promoting activity and make cancer more aggressive. In addition to the dominant-negative 38 effect, the MT allele might also induce loss of heterozygosity (LOH) in which the wild type (WT) 39 allele at a given locus is either deleted or mutated (2). Despite these effects, a large fraction of 40 cancer types also carries on p53WT or null phenotypes. Restoration of WT function has led to 41 the regression of different MT p53 tumor types in mice (3, 4) . Conversely, WT p53 may also 42 acquire the gain of pro-survival function in cancer cells that counteract tumor therapy (5). In 43 contradiction to LOF or GOF, MT p53 might gain an alternate pathway for apoptosis (6) . 44 Moreover, cells may amplify phosphatidylinositol5-phosphate4-kinase type-2α (PIP4K2α) and 45 PIP4K2β genes to survive in the absence of p53 (7). These findings suggest that the functions of 46 p53 are strictly dependent upon its allele's status and tumors must continuously evolve 47 mechanisms to select for more appropriate phenotypes for unrestricted growth. Oxygen is a 48 major limiting factor for cell survival. Without a proper vascular network of their own, tumors 49 cannot grow beyond certain limits (8). It is known that a gradient of low oxygen selects for p53 50 mutant-like phenotypes and affects p53's status of a tumor suppressor by diverse mechanisms 51 (9-13). Recently, we have shown WT p53 as a cellular oxygen sensor that operates through the 52 tetramer⇀octamer switch in its homo-oligomerization system and controls survival or death in a 53 gradient of hypoxia (14) . We asked how the same gradient selects or maintains WT p53 54 phenotypes in a heterogeneous cancer cell population.
55

RESULTS
56
Variable oxygen generates distinct spatial distribution patterns of the cell population 57
A two-dimensional layer of proliferating HCT116 p53WT/WT , MDA-MB231 p53MT/MT , HCT116 and CP. However, an enhanced fraction of HCT116 p53-/cells followed CP ( Fig 1B, left panel) . This 66 indicates that p53 might be responsible for an equilibrium state of SP⇄CP for the stability of 67 both the patterns under normal growth conditions irrespective of its allele's status in the cell.
68
After transfer to hypoxia, HCT116 p53WT/WT cells showed SP→CP shi . However, MDA-MB231 69 p53MT/MT or HCT116 p53-/cells underwent a reverse SP←CP shi . Interes ngly, DU145 p53WT/MT 70 maintained SP⇄CP state ( Fig 1B, middle panel) . Upon reoxygenation, the observed shifts in 71 3 hypoxia were reversed for each cell line ( Fig 1B, right panel) . Although oxygen can induce shifts 72 in SP⇄CP state without p53, as observed for HCT116 p53-/cells in normoxia, hypoxia or 73 reoxygenation condition, a closer examination reveals that it variably modulates SP⇄CP for WT 74 and MT p53 phenotypes depending upon the concentration.
75
Spatial distribution patterns favor p53 wild type phenotypes 76 Next, we checked whether such oxygen-generated spatial distribution patterns select the 77 p53 phenotypes via survival or death. For this purpose, first, we analyzed cell fate associated 78 with SP or CP in different oxygen conditions. For this task, we adapted a flow cytometry assay 79 based on the principle described elsewhere (15). Together Propidium iodide and YO-PRO1 80 (termed as PY) stains both the nucleus and cytoplasm of the cells (see Material and methods). respectively upon reoxygenation (Fig. 2 ). Immunofluoro-cytostaining shows that cytoplasmic p53 90 is favored for the selection by CP in hypoxia. However, nuclear and cytoplasmic p53 are 91 preferred for the selection of WT and MT phenotypes by SP and CP upon reoxygenation 92 respectively ( Fig S2) . Next, to decipher the role of oxygen-generated spatial distribution patterns 93 in the selection of WT and MT phenotypes, we compared FSC v/s SSC and PY-W v/s PY-A plots.
94
Although CP selects p53 positive cells, hypoxia generates SP→CP for WT and SP←CP for MT and 95 null phenotype selection. Similarly, reoxygenation stimulates SP←CP for WT and SP→CP for MT 96 phenotypes. The shifts in SP⇄CP try to maintain p53 null and p53WT/MT phenotypes 97 irrespective of oxygen variation ( Fig 3A) . Strikingly, the shifts specifically favored the survival of 98 WTp53 phenotypes in a wide range of oxygen fluctuation. This indicates oxygen-generated 99 spatial distribution patterns as a mechanism to select for WT species for oxygen-sensitive 100 responses.
101
DISCUSSION
102
Here, we report our discovery that oxygen controls the spatial distribution pattern of the 103 cell population to decide the survival or death of the distinct p53 phenotypes. By using human wide range of oxygen variation justifies the significance of such spatial dynamics in selecting WT 113 p53 for oxygen-sensitive responses (14) ( Fig 3B) . 114 An additional implication of such a mechanism can be anticipated in the metastasis of 115 cells. It is known that solid tumors can release a high number of circulating tumor cells (CTC) into 116 the circulation. CTC could be a single or cluster of cells that initiate metastasis. A clustered CTC is 117 more metastatic than a single CTC (20) (21) (22) . It is evident that the mutant p53 phenotype is The cells were vortexed gently prior to the flow cytometry on a BD FACS Calibur (BD Biosciences, 149 USA). 488nm blue-laser was used to excite both YO-PRO1 and the PI and the signals were 150 captured in FL1 for YO-PRO1 and FL2 channels for PI emissions. The experimental procedure was performed as described previously (14). Cells were 167 grown on coverslips and exposed to different conditions of oxygen. Exposed cells were 168 washed in PBS and chemically fixed with 4% (v/v) paraformaldehyde at room temperature 169 (10 min). 1mM glycine was added to quench the reaction and cells were again washed 170 thrice in PBS. Cells were then treated with 100% chilled methanol for permeabilization 
